Simple bone cysts (SBCs) are benign lesions of unknown etiology. Because of its high relapse rate, they occasionally need a long period of treatment and restriction of activities in children and adolescent. Although various treatment modalities with variable differing outcomes have been described in the literature, no consensus has been reached regarding the standard treatment. The purpose of this study was to evaluate the outcome of a minimally invasive technique that uses a ceramic hydroxyapatite cannulated pin (HA pin) for the treatment of SBCs.
Introduction
Simple bone cysts (SBCs) are benign bone tumor-like lesions that occur in the diaphyseal part of young people. The cyst wall is covered with a thin sparse membrane of fibrous tissue and the inside has yellow liquid reserves. [1] The predilection age for SBCs is 5 to 10 years and it is the third most frequent occurrence of a benign bone tumor behind osteochondroma and enchondroma. Virchow [2] reported it for the first time in 1867 and its etiology has not yet been elucidated. The current most common cause is believed to be a venous reflux abnormality, theory that Cohen proposed in 1960. [1, 3] Various treatments such as the steroid injection method, [4] bone marrow fluid injection method, [4, 5] curettage and bone grafting, [6] and decompression/shunt therapy [7, 8] have been reported as SBC therapies, but there is no unified treatment strategy due to difficulties in completely controlling local recurrence. Although there is no possibility of metastasis or malignancy, repeating recurrences can cause a problem due to the activity of children during growth and the requirement for multiple surgeries and long-term treatment. Therefore, minimally invasive and more efficient treatments are needed. With the development of the continuous decompression method in 1989, we have improved the recurrence rate through carrying out curettage and drilling from a small opening window, and the placement of a titanium-cannulated screw to reduce pressure and provide a sustained drainage effect. In 1997, we developed and used a cannulated pin made of hydroxyapatite, which does not need removal, leading to a less invasive treatment for SBCs. [9, 10] Although we first attempted to apply the continuous decompression method by inserting a hydroxyapatite cannulated pin (HA pin) for symptomatic SBC treatment, for patients who did not have a typical clinical presentation of SBC or who desired an early recovery, we typically applied calcium phosphate cement (CPC) filling after curettage. In the current study, we investigated the outcome of these 2 methods, the HA pin method and the CPC filling method, and investigated factors associated with SBC recurrence.
Methods
Between 1998 and 2015, 75 patients (50 male and 25 female; mean age, 17.5 ± 11.6 years) with SBCs were treated in our hospital with continuous decompression by inserting HA pin (Kobayashi Medical, Tokyo, Japan) after curettage and multiple drilling (group 1, n = 39 patients) or with CPC filling after curettage (group 2, n = 36 patients). The specific characteristics of the patients in the 2 groups were compared using the MannWhitney U test or the Fisher exact test, and are presented in Table 1 . Indication for surgery included symptoms such as pain or activity restriction due to pain or a greater risk of fracture. In patients with symptomatic cyst, the surgical procedures were composed of the following: a minimal fenestration of the cyst wall (approximate diameter, 8 mm in group 1 and at least 20 mm in group 2) was made, followed by curettage of the fibrous tissue. Next, multiple drill holes were made in the medullary cavity and the cyst wall using a Kirschner wire for a connection to healthy bone marrow, followed by insertion of the HA pin in group 1 ( Fig. 1 ) and the appropriate amount of CPC substitute in group 2. Confirmation of the diagnosis was based on a histological study of the specimen surgically removed by curettage. The follow-up period was 33 ± 25.3 months (mean ± standard deviation) for all patients, 39.5 ± 28.0 months for group 1, and 26.4 ± 20.4 months for group 2. In these patients, a retrospective analysis was performed for recurrence-free survival (RFS) and factors implicated in recurrence such as gender, age, cyst sites (long bone or not), cyst phase (active or latent cyst), cyst size [maximum diameter based upon magnetic resonance imaging (MRI)], and cyst wall using a Kaplan-Meier analysis, log-rank test, and Cox proportional hazards analysis. In addition, RFS and surgery time were compared between the 2 surgical methods groups (group 1 and 2) using a log-rank test and Mann-Whitney Table 1 Specific characteristics of the patients in the 2 groups. Easy to cut and adjust the pin length using a scalpel.
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Medicine U test. Statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), [11] which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). This was a retrospective clinical case series study and was approved by the local institutional review board. All patients were informed that data of this study would be submitted for publication and gave written consent for participation.
Results
Among all 78 patients, 1-year RFS was 88% and 5-year RFS was 81% (Fig. 2 ). There were 12 patients (7 humerus, 2 femur, and 3 pubis patients) in whom the cysts were classified as a recurrent or nonresponsive cyst or a persistent cyst based upon a modified Neer classification. Among them, 10 patients were treated by an additional operation using CPC filling, 1 patient was treated by 2 surgeries for curettage and CPC filling, and 1 patient was treated conservatively. As a result of univariate analysis, there was no significant difference in RFS when comparing by gender (P = .44), cyst size (P = .31), and the existence of a cyst wall (P = .51). When comparing by age, cyst sites, and cyst phase, the recurrence rate was significantly higher in patients under the age of 10 years (P = .01), in long bone cysts (P = .01), and in active phase cysts (P = .003) ( Table 2 ). Multivariate analysis indicated that an age less than 10 years was an independent risk factor for the recurrence (P = .04, hazard ratio 3.52) ( Table 3 ). Comparing the 2 groups, there was no significant difference in RFS between the groups by univariate analysis (P = .14, Fig. 2) ; however, the mean surgery time was significantly shorter in group 1 (62.4± 25.6 minutes) than in group 2 (110.5± 48.4 minutes) (P < .001, Table 1 ). The mean healing period in group 1, excluding recurrent patients, was 5.5± 3.1 months.
Case presentations

Patient 1
Patient 1 was an 8-year-old boy with SBC of the right humerus (Fig. 3A) . Because the cyst was large, 2 HA pins were inserted into the cyst cavity after curettage and drilling (B). Eight months after the operation, the cyst had healed (C) and it has not recurred at the final follow-up (6 years after the operation) (D).
Patient 2
Patient 2 was a 5-year old boy with SBC of the left femur (Fig. 4A) . Two HA pins were replaced in the initial operation (B). The cyst gradually shrunk, and 4 months after the operation, the distal area of the cyst had healed and only a small cyst in the proximal area remained (C). At 1 year after the operation, the cyst had enlarged (D) and an additional surgery was performed with curettage and CPC filling (E). At the final follow-up (5 years after the initial operation), a small residual cyst remained at the proximal part of the cyst, though the patient does not have any complaints (F).
Discussion
SBC is a benign bone lesion that accounts for approximately 3% of all primary tumors in children. [5] Virchow [2] first reported the disease in 1876, and the etiology has not been fully elucidated. Various hypotheses, such as the tumor origin theory, theory of secondary changes such as tumor and osteomyelitis, and the trauma theory have been proposed. [1] In 1960, Cohen [3] showed that the cystic fluid was the same component as serum and he proposed a venous obstruction theory due to a vascular abnormality. In 1970, Cohen [1] injected a contrast medium into the bone cyst and confirmed that there was no discharge outside Figure 2 . Recurrence-free survival (RFS) in total patients (thick line), group 1 (thin dark line), and group 2 (thin line). There was no significant difference in RFS between groups 1 and 2 with a P value of .14 using log-rank test. the wall under normal pressure, and the fluid stagnated within the cyst for a long time. This result increased the credibility of the venous obstruction theory. [1] Various authors now agree that the obstruction of the venous return and the increase in the resulting intracystic pressure are the main factors influencing the SBC size. [7] [8] [9] [10] Decompression/shunt therapy is a treatment based upon the venous obstruction theory. Kuboyama et al [7] first reported percutaneous bone drilling procedure to open the bone cortex with trephine used for needle biopsy with a drill hole in the cyst wall allow the fluid of the cyst to escape into normal bone marrow. In addition, Chigira et al [8] reported that on a multiple drill holes method to place a penetrated wire, which enabled continuous decompression. Both authors reported good treatment results, but multiple perforations and nail and wire removal were required with this method. We focused on these decompression surgeries and used titanium-cannulated screws for continuous decompression of SBC since 1989. Since 1997, we developed and clinically applied a HA pin, which does not need removal, for the treatment of SBC and have reported satisfactory results compared with the other treatment methods, including observation, injections of steroid, bone marrow, demineralized bone matrix, or curettage and bone graft. [9, 10] Advantages of the HA pin method is that use of the fenestration to insert the screw, curettage of the internal cyst wall, and drilling to the normal bone marrow can be performed. Accordingly, a shunt effect between the cyst and the normal bone marrow, and a sustained drainage effect of the screw allow for continuous decompression of the cyst with a single surgery and promotion of new bone formation the cyst. Moreover, it is a minimally invasive procedure, which is done in with a short surgical time and only a small skin incision is needed. In the current study, the operation time using HA pin method was significantly less than that using the curettage and CPC filling method. Furthermore, skin incisions in the HA pin method are small, requiring less than 1 cm per pin, with no delayed wound healing, sustained exudate, or superficial infection, which can occur using the CPC filling method. The HA pin method does require a comparatively later recovery to daily activities, including sports activity. The curettage and CPC filling method allows for early weight bearing. The HA pin method may be advantageous in future bone strength, as the cyst will finally remodel to the initial bone. In SBC of the lower extremity, we usually wait 1 to 4 weeks for full weight bearing, depending on the cyst size, and we permit sports activity after the cyst healed completely, which was 5.5 months on average in the present study.
In this study, the recurrence rate of both methods was 19% and relatively low compared with the past reports. [5, 12] The recurrence rate of injection for steroid or bone marrow therapy were reported at 42% and 23%, respectively, with a requirement of several injections. [5] The most common method of curettage and bone grafting has a recurrence rate of 12% to 45%. [12] In the present study, 12 SBCs had a recurrence or a persistent cyst. Jaffe and Lichtenstein [13] reported and defined that the local recurrence of active cysts that abut the growth plate and show an increasing trend of thinning of the cortex was difficult to control compared with that of latent cysts that are apart from the epiphysis. More recently, Haidar et al [14] reported that the recurrence rate significantly increased if the cysts were located less than 2 cm from the growth plate. In the present study, the recurrence rate was also higher in active cysts than in latent cysts.
The recurrence rate in long bone SBCs was also higher than in other locations such as the calcaneus and the pelvis. Recently, the etiology of the calcaneal SBCs was reported to be different from that of the long bone SBCs. Several authors have proposed that calcaneal SBCs are generated from a disturbance in local blood circulation due to a microembolus, cholesterol plaque, or hematoma. [15, 16] Takada et al [16] supported this theory using a pathological evaluation of the cyst wall tissue, and found that there were more cholesterol clefts, which are the end product of hematoma and cholesterol plaque in calcaneal SBCs, comparing to long bone SBCs. There were no recurrences of calcaneal SBCs in this study, suggesting that the HA pin method represents an effective minimally invasive treatment of calcaneal SBCs.
Male gender and a younger age have been reported as factors related to recurrence of SBCs. [17] There was no statistical difference in the recurrence rate between genders in the present study, though the recurrence rate in boys tended to be higher. Age was also reported to be a reliable predictor in several reports, with over 10 years of age having a higher rate of cyst healing than those under 10 years old. [10, 17] In the present study, < 10 years old was an independent risk factor for the recurrence based upon multivariate analysis. In SBCs with a high recurrence potential, we try to perform sufficient curettage and drilling to decompress and stimulate osteogenesis in the cyst, and use pleural short pins to prevent pinhole obstruction by the new bone or contralateral cortex. In SBCs of young patients with an open physes, curettage or drilling might be insufficient due to the risk of epiphyseal injury. Eleven patients in the present study required further surgery due to recurrence or a residual cyst. Additional strategies are necessary to conquer the recurrence of SBCs. Recently, Hou et al [18] performed a novel method to curettage the cyst, followed by ethanol cauterization, insertion of a synthetic calcium sulfate bone-graft substitute in the cyst, and replacement of a cannulated screw, and reported good results with a healing rate of 92%. The number of patients was small, with only 12 patients and 1 recurrence. The HA pin method may be less invasive, as the original method requires screw removal.
The limitation of the present study is that this was a retrospective case-control study and there was a potential selection bias in assigning the patients into the 2 surgical methods. Although there was no statistical difference in the recurrence rate between the 2 methods, the recurrence rate of the CPC bone filling in the present study was comparatively low, at 5.6%. This may be because the indication for CPC filling method in this study was biased. We adapted this method in patients with atypical SBC, which have a higher healing rate, such as older patients or atypical locations such as a trunk SBCs. This fact could lead to a lower recurrence rate in the CPC filling method than the HA pin method.
In conclusion, continuous decompression using HA pin is a less invasive surgical technique for the treatment of SBCs compared with CPC filling and has a high healing rate. The relapse rate was still high when the cysts were caused in children aged less than 10 years, located in the long bone, or remained adjacent to the epiphysis. In order to overcome the limitation of the present study and to conquer the recurrence of SBCs to avoid long-term treatments and the restriction of activities in children, further analyses using large-scale, multicenter, randomized controlled trials are crucial.
